Purpose-This study examined how race-ethnicity, nativity, and education interact to influence disparities in cardiovascular (CV) health, a new concept defined by the American Heart Association (AHA). We assessed whether race-ethnicity and nativity disparities in CV health vary by education, and whether the foreign-born differ in CV health from their US-born race-ethnic counterparts with comparable education.
Introduction
Cardiovascular (CV) disease is the leading cause of death in the United States, accounting for 1 in 3 deaths [1] . Disparities persist in CV risk factors, morbidity and mortality rates. As a result, the American Heart Association (AHA) has recommended monitoring race-specific trends in "CV health," a new concept defined by a combination of recommended health behaviors and absence of risk factors related to CV outcomes [2] . This study investigates how race-ethnicity, nativity, and education interact to influence differences in CV health.
Race-ethnic and nativity disparities in CV-related health outcomes and behaviors among US adults are well-documented [3] [4] [5] . For example, Asians have lower age-adjusted prevalence rates of heart disease, hypertension, and stroke than Whites and Latinos [6] . Latinos have lower age-adjusted prevalence rates of heart disease, coronary heart disease, and hypertension [1] , and lower coronary heart disease mortality [7] compared to non-Latino Whites, but higher rates of diabetes [8] and obesity [9] . Foreign-born individuals, although not uniformly advantaged [for review, see 10] , generally have lower rates than the US-born of CV mortality [11] , heart disease [3] , and hypertension [3, 11] . The foreign-born often engage in healthier behaviors than the US-born, such as avoiding smoking [12, 13] . Thus, the portrait of population CV health is complex.
It remains unclear to what extent these disparities are due to socioeconomic status (SES), particularly education [5] , because most studies of race-ethnic and nativity disparities in CV risk factors and outcomes inadequately account for group differences in SES. Education is a major contributor to disparities in CV risk factors and outcomes [14] , and perhaps the best SES predictor of good cardiovascular health [15] . Long-observed differences in smoking prevalence between Blacks and Whites turned out to be largely explained by differences in educational attainment [16] . The same may be true for the role of education in explaining ethnic and nativity differences in CV health. Education is especially important in studies of ethnic-immigrant health because it is strongly associated with race-ethnicity and nativity [5] , time living in the US, and English language proficiency [17] , and because immigrants comprise both the most educated and least educated groups in the United States [18] .
Yet most studies of differences in CV-related outcomes, especially those that examine nativity, do not fully account for educational differences between race-ethnic and nativity groups because they merely statistically control for education [19] . Among the notable exceptions is a study which found that socioeconomic position was related to arterial calcification (a measure of CV risk) differentially by immigrant generation and acculturation among Mexicans in the Multi-Ethnic Study of Atherosclerosis study [20] . Another study [21] found that disparities in cardiovascular risk between Whites, Blacks and foreign-born and US-born Mexicans, are largely explained by income and education. Nevertheless, few studies have examined CV health by race-ethnicity, nativity, and education concurrently, thus more careful consideration of how these factors combine to influence CV health disparities is needed. If education explains much of the ethnic and nativity differences in CV health, and differences are concentrated among the lower education group, it may suggest the importance of investing in education for at-risk groups as a practical public health strategy.
This study examined selected CV health behaviors and health status measures [2] to address the following questions: 1. Do race-ethnic and nativity differences in CV health vary by education? 2. Do the foreign-born differ in CV health from their US-born race-ethnic counterparts of comparable education? We contribute to the literature by: (a) examining predicted probabilities of CV health metrics; (b) investigating disparities within and between education groups; (c) assessing nativity differences by race-ethnicity and education; (d) examining the independent effect of education while controlling for other SES measures including housing tenure, income, and employment. We examined a large, ethnically diverse sample of California adults from the most recent statewide health survey, the 2009 California Health Interview Survey (CHIS). California has the largest populations of Latinos, Asians and non-Hispanic Whites of any state, and nearly 1 in 3 residents is foreignborn [22] . We hypothesized that ethnicity-nativity differences in CV health vary by education, with fewer disparities among the higher education group.
Methods

Data and Sample
Data were from the 2009 CHIS [23], a population-based cross-sectional telephone survey of California's population. The multi-stage sampling design utilized random-digit-dial (RDD) of landline and cellular telephones to recruit respondents. Data were collected using computer-assisted telephone interviewing. The 2009 overall response rate (36.1%) is comparable to other California surveys [24] and national RDD surveys [25] . In 2007, CHIS conducted an assessment of nonresponse bias and found few significant differences between respondents and non-respondents [26] . The CHIS sample is considered to be representative of the California population when sampling weights are used to account for the sampling design and to adjust for differential non-response. The data underwent a rigorous imputation process to address missing data prior to public release, therefore there are no missing values included in the data analyzed here [27] . We limited analyses to adults ages 25 and over, of White, Latino or Asian ethnicity. Other race-ethnic groups were excluded because of small sample sizes, especially of foreign-born. The final analytic sample size was 42,014. All measures were self-reported.
Dependent Variables
We used the AHA conceptualization of "ideal cardiovascular health" [2] to select and code five health behaviors and four health status measures. Variables were coded as multicategorical for initial analyses and dichotomous for logistic regression analyses, with the outcome of compliance vs. noncompliance with the AHA recommendation.
Health behaviors-Smoking status was defined as never smoked (has not smoked 100 or more cigarettes in lifetime; optimal) or current or former smoker (not optimal). Physical activity was assessed as the number of minutes of leisure time moderate and vigorous physical activity in the week before the interview. We multiplied vigorous minutes by two to obtain moderate-equivalent minutes [28] , then summed the moderate and moderateequivalent minutes to obtain total minutes of moderate-equivalent activity, categorized as: sedentary (0 minutes/week); suboptimal (1-149 minutes/week of moderate-equivalent minutes); and optimal (≥ 150 minutes per week of moderate-equivalent minutes). The dichotomous measure was optimal/not optimal. Sugar-sweetened beverage consumption was assessed in CHIS as number of times in the past week the respondent reported consuming soda, sugar-sweetened coffee or tea, or sugar-added juice, excluding sugar-free or diet drinks. We assumed each "time" corresponded to an 8 ounce serving, which probably underestimated consumption because the beverages included coffee, tea and juice, which are typically consumed in 8 oz. servings, in contrast to sodas, which are typically consumed in 12 to 20 oz. servings. In initial analyses, we examined the categories < 16 oz., 16 -36 oz., > 36 oz. The dichotomous measure was optimal (≤ 36 oz./week)/not optimal (> 36 oz./week). Fast food consumption was coded dichotomously in regression analyses as ate no fast food in past week (optimal)/ate fast food at least once in the last week (not optimal). Although fast food is not explicitly included in the AHA recommendations, previous studies have found that consuming fast food more than twice per week is associated certain health conditions [29] . Sensitivity analyses explored various cut-points, but results remained largely the same when controlling for sociodemographic factors. Fruit and vegetable consumption was defined as ≥ 5 servings/day (optimal) or < 5 servings (not optimal). The AHA recommendation is nine servings per day; however we chose to use five for greater comparability with previous research [30] . Initial analyses included categories: < 1, 1-2.9, 3-4.9, and ≥ 5 servings/day.
Health status measures-Obesity status was estimated using body mass index (BMI), calculated from self-reported height and weight, and coded as not overweight or obese (< 25 kg/m 2 ), overweight (25-29.99 kg/m 2 ) or obese (≥ 30 kg/m 2 ). The dichotomous variable was coded as not obese/overweight (optimal), obese or overweight (not optimal). For high blood pressure, heart disease, and diabetes, respectively, respondents were asked if they were ever told by a doctor that they had the condition. Three indicators were coded dichotomously (optimal = has not been told has condition; not optimal = has been told has condition).
Independent Variables
Ethnicity-nativity-We combined respondents' race-ethnicity and nativity (based on the question, "Were you born in the United States?") into a measure of "ethnicity-nativity": native-born non-Latino Whites ("NB Whites"); foreign-born non-Latino Whites ("FB Whites"); native-born Latinos ("NB Latinos"); foreign-born Latinos ("FB Latinos"); nativeborn Asians ("NB Asians"); and foreign-born Asians ("FB Asians"). The Latino group is predominantly Mexican, with Salvadorans, Guatemalans and other Latinos; the Asian sample consists of Vietnamese (largest Asian subgroup in unweighted data), Chinese, Koreans, Filipino and other Asians. The terms "native-born" and "US-born" are used interchangeably to refer to those who were born in the United States.
Educational attainment-The socioeconomic measure of interest was educational attainment (1 = college degree or higher; 0 = less than college degree). Much of the previous research shows that the largest health differences are between the college educated and those with less education. We conducted analyses using several different cut-offs (less than high school versus high school or more; up to high school versus some college or more; and less than college versus college or more). We were unable to use high school as a cut-off because of the very small number of U.S.-born Asians with less than a high school education, and patterns were largely the same when using some college as the cut-off. Thus, we chose to use the college cutoff with ages 25 and over in our final analyses in order to maintain adequate cell sizes for all race-ethnic and nativity groups by education.
Covariates-To examine the net effect of education, additional socioeconomic status indicators were included: family income below federal poverty line (reference: 100%+ of FPL); unemployment (reference: currently employed); does not own home (reference: owns home). Health care access and utilization indicators were: no health insurance coverage any time in past 12 months (reference: continuous coverage in past year); rural residence (reference = not rural); no doctor visit in the past 12 months (reference: doctor visit in past 12 months); no usual source of care (reference: has usual source of care). Sociodemographic indicators included: age (continuous), sex (reference: male), and not married (reference: married). Based on the immigrant health literature, we also included the following variables to control for their potential confounding effect with nativity: limited English proficiency (reference: speaks English well or very well); not a US citizen (reference: US citizen); percent of life lived in the US (reference group: 0-40%, 41-80%, 81%+).
Analyses
Analyses were conducted in Stata version 12 [31] , using Stata's svy suite of survey data analysis commands. We first examined sociodemographic characteristics by education and ethnicity-nativity, weighted to be representative at the state level (Table 1) . Chi-square tests of independence examined ethnicity-nativity differences in each outcome, within education groups. Next, we examined the prevalence of health behaviors and health status by ethnicitynativity and education ( Table 2) . We age-standardized the prevalence rates of heart disease, high blood pressure, and diabetes, using 2010 U.S. Census data for the California population. To examine whether ethnicity-nativity and education interact to influence CV health while controlling for other factors, we fit logistic regressions for each optimal CV health measure; these models included main effects of education and ethnicity-nativity and terms for their interaction, and controlled for the aforementioned covariates, as well as an interaction between age and percent of life in the U.S. to control for differences by age at immigration (Supplemental Table) . Additionally, the models predicting health behaviors controlled for health conditions (diabetes, heart disease, hypertension, and overweight/ obesity). For each outcome, Wald tests examined the statistical significance of the overall interaction (F-statistics are reported). We adjusted for multiple comparisons using the Bonferroni method. Predicted probabilities for each outcome were calculated from the fitted logistic regression equation as follows:
Ethnicity-nativity and education were explicitly fixed, and all other covariates were set equal to their means over the entire sample. This type of predicted probability is referred to as a predictive margin or marginal effect at the means [32] and provides the estimated probability of the outcome for an individual with the specified value of the covariates. We plotted the predicted probabilities of the ethnicity-nativity groups by education for each measure of CV health (Figure 1 ). Z-tests were used to assess nativity differences in predicted probabilities within race-ethnic and education groups, using the Simes procedure to control the false discovery rate (Table 3 ) [33] . Table 1 compares the sociodemographic characteristics of California adults stratified by education level. Not surprisingly, those with less than a college degree had worse socioeconomic profiles overall. Race-ethnic and nativity differences were generally smaller among the higher education group. For example, among Latinos of lower education, 41.6% of the FB and 16.5% of the NB were in poverty; by contrast, only 16.2% of higher-education FB Latinos and 4.8% of NB Latinos were in poverty.
Results
There were also differences in the prevalence of CV health factors by education and ethnicity-nativity (Table 2) . Those with a college degree generally had higher rates of never smoking and optimal physical activity but worse patterns of fast food and fruit and vegetable consumption compared to their lower education counterparts. Moreover, nativity differences were smaller among the higher education group in many cases, especially among Latinos and Asians. For example, among Asians with a lower education, 44.6% of the NB and 70.4% of the FB were never smokers, compared to 84.4% and 82.1% of their higher education counterparts, respectively. Similarly, among Latinos, 58.4% of the NB and 69.7% of the FB with a lower education were never smokers, compared to 75.8% and 72.1% of their higher education counterparts.
Do race-ethnic and nativity differences in CV health vary by education?
We examined whether education and ethnicity-nativity interact to influence differences in CV health factors, controlling for sociodemographic differences between these groups (regression results presented in Supplemental Table) . The overall interaction was significant for smoking, fast food consumption, fruit and vegetable consumption, BMI, and high blood pressure, indicating that the association between optimal CV health and ethnicity-nativity varied by educational attainment.
To aid in the interpretation of the interaction, Figure 1 plots predicted probabilities of meeting the modified AHA recommendations for each CV health measure, holding covariates constant at their means. Among most groups, the probability of optimal CV health (for any particular outcome) was higher among the college-educated. However, this was less often the case among Asians. College-educated Asians had worse fast food consumption compared to their less educated counterparts, regardless of nativity. In terms of BMI and high blood pressure, FB Asians with a college education had worse outcomes than their lower education counterparts.
In addition, ethnicity-nativity disparities were generally smaller among the college-educated, especially for smoking, diabetes, high blood pressure and BMI. For sugary beverage consumption, the difference between education groups was much greater among FB Latinos than other groups. In other words, especially for Latinos, having a college education was associated with a more favorable CV health outcome (i.e., lower consumption of sugary beverages).
While there were important disparities in CV health, nearly all groups had suboptimal behaviors in terms of physical activity, fast food consumption, fruit and vegetable consumption, and BMI. The predicted probabilities of having optimal outcomes (i.e., meeting the recommendations) for these CV health measures were low for all groups: between 35-45% for physical activity, 25-50% for fast food consumption, 25-50% for BMI (excluding Asians), and 3-10% for fruit and vegetable consumption.
Do the foreign-born differ in CV health from their US-born race-ethnic counterparts of comparable education?
We tested for nativity differences in the predicted probabilities of each outcome within each race-ethnic and education group (Table 3 ). Significant nativity differences were mostly limited to the less educated group, with the FB generally having advantages over their NB counterparts. Among the less educated, FB Asians and Latinos had significantly higher predicted probabilities of never smoking than the NB. In sum, when comparing within raceethnic and education groups, there are few nativity differences, but where there are differences, those are small and generally confined to the lower education group.
Discussion
This study examined disparities in CV health behaviors and health status measures by ethnicity-nativity and education. We asked whether disparities varied by education, and whether the foreign-born differed in CV health from their US-born counterparts of comparable education. Our major findings indicated that: (1) ethnicity-nativity interact with education to influence disparities in some CV-related outcomes, with more and greater disparities among those with less education; and, (2) the foreign-born have both advantages and disadvantages in CV health compared to their counterparts, and these vary by racenativity. Also of note is that while those with higher education were generally better-off, all groups, regardless of ethnicity-nativity and education, had large proportions of persons who had suboptimal outcomes in terms of physical activity, fruit and vegetable consumption, fast food consumption, and BMI. The study suggests that studies of nativity differences in CV health should stratify by education in order to adequately address SES differences.
The fact that nativity differences are greater among the less educated group suggests that educational attainment is a major moderating factor [34] and social determinant of raceethnic and nativity disparities in cardiovascular health behaviors and outcomes. Education was a significant predictor of CV health behaviors and health status measures, even controlling for housing tenure, employment status, family income, and other SES measures. Other studies have found similarly strong evidence of the importance of education and social-structural factors in determining health behaviors and outcomes. Fuentes-Afflick and Hessol [35] examined the association between acculturation and overweight among Latina women, finding that education was inversely related to overweight, while acculturation measures were largely not associated with overweight or obesity, with the exception of time lived in the US. Education can affect health in multiple ways-for example, by: directly impacting knowledge, literacy, and behaviors related to health; affecting work, including working environment, income, access to health insurance and other work-related resources; or by impacting individuals' sense of control, social standing or social support [36] . Thus, insofar as education reflects access to important health-related resources-personal, social, or structural-it is a major determinant of individual health, and population health differences. While our data cannot speak to the causal nature of the association between education and health risks, these findings may help to identify intervention priorities for particular population groups.
Beyond education, race and nativity also remained important in patterning CV health. For example, the foreign-born are less likely than the US-born to meet physical activity recommendations, a finding that is supported by other research [19, 37] . Comparing persons at similar levels of education reduced ethnicity-nativity differences, but did not eliminate them. Moreover, we controlled for several measures often used as proxies for acculturation (English language proficiency, US citizenship) yet nativity differences remained, even within race-ethnic and education groups. Thus, nativity differences are not fully explained by these factors. Other social-structural issues may be important in shaping these differences. While this study has focused on individual health behaviors, these behaviors are often determined by environmental influences such as, food quality, food procurement policy, and marketing [38, 39] . Future research should examine the interplay between individuals' behaviors and the political economy in order to effectively address the upstream influences on these individual behavioral risks.
Some issues could not be addressed here. Due to the cross-sectional nature of the CHIS data, we were unable to assess causality in the education-health behavior association. Additional limitations of the CHIS survey are that health behaviors are self-reported, and some of the AHA-defined CV health components are not included in the survey (e.g., food preservation, processing and preparation). We were unable to include Black groups because of small numbers of foreign-born Blacks in the sample; therefore, these results are not generalizable to this important minority group. There are also large variations within the broad categories of ethnicity examined here [40] that could not be addressed. Future studies can build upon this work by: using a longitudinal design to examine how health behaviors change as individuals' educational attainment increases, including additional race groups and more nuanced race-ethnicity subgroups, and examining respondents in other states. Despite its limitations, this study provides important findings concerning race and nativity disparities in CV health-related behaviors and measures, and how they varied by education.
The AHA has argued that, "for effective disease prevention, population-level strategies are essential to shift the entire distribution of risk" [2] . This study suggests that to reduce CV risk in diverse and underserved populations, both behavioral interventions and policy approaches to achieve social structural changes are needed. Part of the public health approach to achieving this may involve increasing access to education-an important source of health-related knowledge, literacy, and resources. Yet even among the most educated, there are still disparities in health behaviors that behavioral interventions may effectively reduce. In sum, both social structural changes such as increasing access to education, and behavioral interventions should be utilized to reduce disparities in morbidity and mortality from CVD and other chronic diseases.
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